
STUDIES ON INFLAMMATION

X. THE CYTOLOGICAL PICTURE OF AN INFLAMMATORY EXUDATE IN

RELATION TO ITS HYDROGEN ION CONCENTRATION *

VALY MENm, M.D.

(From thcDepartext of Pathoko, Hanaud UxiwsiJy Ha" School, Bosn, Mass.)

For many yeas it has been known that the cytological sequence
in acute inflamon is characterized in the earliest stages by an
active ermigration of polymorphonudear leucocytes. After a time
this is followed by an infiltraton of mononudear phagocytes. The
latter have been desgnated by various names, the most satisfactory
of which is perhaps that of "macrophage," orginally suggeted by
Metchn koff. In acute inflammation the polymorphonudear cells
that leave the cirulating blood stream form the chief cellular con-
stituents of the early exudate. T'he mononudear phagocytes or
macrophages increase in number in the later stages. These cells
act as scavengers when the inflammatory irritant has been overcome.
They engage actively in englfing and digesting polymorphonudear
leucocytes, red cells, and various necrotic materials resulting from
the acute inflmaion. The orderly cytological sequence in the
development of an inflammatory reaction was first pointed out by
Borrel1 and then by Durham2about forty years ago. The subse-
quent studies of Beattie3 extended considerably the original obser-
vations of Durham. This sequence is true of the majority of inflam-
matory reactions caused either by bactera or by chemical irritants.
It is noteworthy that during the first twenty-four hours after their
inoculation into normal tissues both tuberde and typhoid bacilli
produce the same type of cellular changs as do various forms of
pyogenic bacteria such as Stapkylocus aureus.L13 The differ-
ence in the leucocytic response found with various types of inflam-
matory irritants seems therefore to be one of degree rather than of
kind.
No adequate exlanation has been offered for this fundamental

process. A number of years ago various investigators, particularly
* This study was aided by a gant from the DeLanar Mobile Research FuM.-
Received for September 28, 1933.
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Opie, studied the action of intracellular proteolytic enzymes from
leucoytes of an inflammatory eXudate.8' Maller,7 and subse-
quently Opie, showed that polymorphonudear leucocytes contain
an intracellular enzyme that acts in a slightly line or neutral
medium, but is almost wholly inactive in an acd reaction (0.2 per
cent acetic acd). Opie designated this intracellular enzyme "leuco-
protease." The action of this polymorphonuclear enzyme occurs
only within the leucocyte, for in the plasma of an inflammatory
exudate its activity is inhibited owing to the action of anti-enzymes.
The earlier observations of Opie on the presence of antiferments
inhibiting the action of leucoprotease have been recently confirmed
by Weiss.8 Opie furthermore demonstrated that the mononudear
phagocytes that accumulate in the later stages of the inflammatory
reaction contain an enzyme causng active digestion of protein in a
weakly acd medium, but almost entirely inactive at a neutral or
akaline reaction. The enzyme of the mononuclear phagocyte has
been called "lymphoprotease."

It is conceivable that particles in an inflammatory exudate prior
to being phagocytosed by a given type of leucocyte may tend to
have on their surfaces a hydrogen ion concentration approximnating
that of the intracellular proteolytic enzyme capable of digesting
them. If this assumption is correct then it is to be expected that
the inflammatory exudate in which such particles are immersed
would gradually increase in its acidity concomitantly with the shift
from polymorphonudear to mononuclear phagocytes. The question
arises therefore as to whether or not there is a correlation between
the pH of the medium and the cytological picture during the de-
velopment of an acute inflammatory reaction. In this connection
it is to be noted that Opie recorded several measurements on the
reaction of a pleural exudate.' At no time during a 5 day period of
the inflammatory process did the alkalinity of the exuded serum
disapear; it was, however, less than that of the blood serum. It
may be mentioned also that as the inflammation progressed there
seemed to be a slight decrease in alkalinity. Since, however, no
precautions apparently were taken to avoid loss of carbon dioxide
during withdrawal and testing of the exudate, the validity of these
measurements as absolute figures may be open to some question.
Lord 10 in his studies on proteolytic enzymes in the pneumonic lung
concluded that during the course of the disease a gradual increase
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in the hydrogen ion concentration of the exudate probably occurs.
He oonceived resolution to be the result of this increased hydrogen
ion concentration, which eventually activated a proteolytic enzyme
having a range of optimum reactivity at a pH of 6.3 and 5.2.
Rous found that death of small cell aggregates resulted in the

development of an alkalinity of these cels, owing to seepage into
them of alkaline body fluids.n He recoized that the chemical

anges that take place in s necroses differ in important re-
spects from those occurring in large masses of dead tissue. He was
led by his observations to condude that very pronounced inflam-
matory edemas yield line fluids but that "inflammaton, as
such, conduces to local acdosis."
None of the studies mentioned has correlated the pH of the

inflammatory exudate with its differential leucocyte count. The
object of the present communication is to report data on the trend
of the hydrogen ion concentration and to relate this to the cellular
changes in an exudate obtained at various intervals from an acute
inflammatory area. The relation obtained suggests that the pre-
vailing hydrogen ion concentration may be an important factor in
determining at a given time the cytological picture of an inflamma-
tory exudate.

EXPEWTAL
Meilzod: Pkural exudation was induced by the injection under ether anes-

thesia of I.5 to 2 cc. of turpentine into the right chest of dogs.' Several hours to
I day following the injection of the irritant a sample of the exudate was with-
drawn by means of a Luer syringe with a hypodermic needle. The latter was
of large aliber and filed off at the end, in order to diminish the chance of in-
jury to the hlgs. To prevent gulation several glas ds w placed in
the barrel of the syrige. When one e about o.s cc. of o.I per cent
heparin in Tyrode solution was employed as an anti unt, essentially the
same readings wee obtain as with the use of a beads Upon wirawing
the mpe of exudate the syringe was shaken quickly for a few seconds and
several smears were made on coverslips and slides. The emaiing part of the
exudate was immediately transferred under paraffin oil into a test tube.

Measurements of the pH were always performed within a short interval after
withdrawing the sample of pleural exudate. The bicolor system of standards,
as described by Hngs and Sendoy,' was employed in detmining the hy-
drogen ion concentration. T investigators had found close agreement
when results obtained by this method were checked up with allel eectr-
metric pH measurements. They also had determined that the "salt and pro-
tein errors" were ngigible. IThe standards prepaled with phenol red as indi-
cator covered a range of pH 6.7 to pH 8. In a few insces the pH of the
exudate was found slightly below 6.7. The reading in such cases was obtained
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TABLE I

The Hydrogex Iox Coxceotafion axd th Cjdgc Picure ix Acute Ixflomva*iox

lntesval kDi k=MeYte ant Of Differential kleocte cont ad
betwen 6 pH of pH ci blcifd

Dog No. em Polt L m=-=of= Ttant POiY- Lyunpb. ncila Polbp.an eo-l mb- ct ph o p
n

Lnaho- Mm
Of exudate das ye nex=r cye

frs. :ms. pev C per ca per C pe Ca peCdc Cad
4 19:15 78.o 2.0 20.0 7.45

4345 78.0 1.0 21.0 7.23
67:15 87.0 1.0 12.0 7.23
93:08 31.0 3.0 66.o 6.97
115:00 26.o 2.0 72.0 6.95 7.07 83.0 7.0 10.0

5 22:57 79.0 3.0 I8.0 7. IS
47o00 9.5 O.5 90.0 6.8
71:Is 2.0 0.0 98.o 6.6 7.4 77-0 13-0 10.0

7 24:10 68.5 7.0 24-5 7-4
48:30 72.6 3.4 24.0 7.3S
72 45 75-7 6.o I8.3 7.45

8 24:5O 9o.0 O.5 9.5 7.23
47 35 87.0 2.7 10.3 7.13
71 45 63.25 O.5 36.25 6.78

100:05 59.0 1.0 40.o 6.98 7.1I

3 23c00 90.0 IS 8. S 7.O5
48:10 53.5 1.0 45.5 6.75
72 40 7.0 1.0 92.0 6.6
9540 I0.0 3.0 87.0 6.6S 7.23 71.0 7.5 21.5

2 2342 69.3 8.3 22.3 7.4
47:37 74.3 2.6 23.0 7.4
71:12 83.0 2.0 I6.6 7.25
9522 88.3 o.6 11.0 7.25

2-A* 19'35.S . . . 7.23
43:35 13.0 3.0 84.o 6.6
67:10 3.5 O. 5 96.o 6.7 7.23 77.0 10.0 13.0

io 6:I5t .. .. .. 7.55

24 25 40.5 312.5 47.0 6.93
48:Is 63.5 II.5 25.0 7.0
72:38 74.0 6.o 20.0 7.08
96:Is 74.0 2.0 24.0 7.28
120:IS 76.o 0.0 24.0 7.28
145 35 74.0 3.0 23.0 7.5O
I69:35 78.S 7.5 14.0 7.5S

II 24:I5 26.o 9.75 64.25 6.98 7.28 69.o I8.0 13.0
9 52:55 72.0 6.o 22.0 7.O5 7 OS

I6 I8:o0 71.0 10.0 I9.0 7.5S 7.28 83.0 4.0 13.0

I2$ 23:30 8I.o I.5 17-5 7.25
48:35 52.0 1.0 47.0 6.95_

I41 23:25 90.0 o.66 9.33 7. 2
47:20 64.0 4.5 31 .5 6.95
75:2c4 87.0 0.0 13.0 7.28

131 2406 87.5 2.0 I0.5 7.4
49 2 77.5 2.5 20.0 7.5
71:45 74.0 6.o 20.0 6.98

______ 95:30 10.0 8.5 8I.5 6.8 7.45 76.o 9.0 IS.0
135 23:25 86.o 1.0 13.0 7.35

47:15 42.5 2.0 55 5 6.8
75:40 17-5 3-5 8o.o 6.75

Dog 2-A Das 2reinjectd witht inenmthe righ± pIemrl cavi±y s days after the first injecm with the friaaLt Upon r o the adte 6 1a and i t after the injectim oi the iriant practcally neueocytes were
t A total of 8 tog cc. cfipaho e buffe aret pH 6.78 was igjected in divided does, s qt to the iritatinto the rig1ht pes ca.
i This nrtr cf the cdate a r eeddately after the animLa¶ A total airs to so cc. oia*hosat bu x at pH 7.28 w2s ieCted in divided doses to the iri-

tant, into the riht pkl cavity.
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by the use of bromcresol purple as indicator and represents only a first approxi-
mation. The thorough studies of Drury and Rous had shown that in the animal
body, at least, the observed colors in tissues vitally stained with phenol red or
bromcresol purple cannot be ascribed to indicator errors resulting from associa-
tion of the phthalein with tissue materials.13 For this reason it is believed that
the readings obtained by adding under oil 0.2 cc. of the pleural exudate to 4 cc.
of a standard phenol red indicator solution (made up in saline and adjusted to
about pH 7.4) are reasonably reliable and do not represent indicator errors. In
several instances, in spite of an appropriate saline control tube, the turbidity
of the exudate rendered readings somewhat difficult, so that centrifugalization
for a few minutes had to be resorted to. The determinations were always made
after the tubes had been immersed in a water bath at about 380 C for several
minutes.

The differential leucocyte counts were made from smears on coverslips and
slides. The cells were stained by the Wright method. As a rule several hundred
cells were counted in each sample. In computing the percentage of polymor-
phonuclears and mononuclears cells were frequently encountered that were so
degenerated as to render their identification difficult. These were not included
in the final counts.

Samples of the pleural exudate were withdrawn daily and studied as described
for a period not exceeding i week after the injection of the irritant. At the
completion of an experiment the animal was anesthetized under ether and fre-
quently a sample of blood was withdrawn from the femoral vein in a syringe
containing about 0.5 to i cc. of O.I per cent heparin in Tyrode solution. The
pH of the blood and its differential leucocyte count were determined. The ad-
ministration of ether was continued until the death of the animal. A post-
mortem examination was performed and specimens of the inflamed pleura and
right lung were placed in io per cent formaldehyde for subsequent histological
examination.

RESULTS

The results of all the I5 experiments performed are summarized
in Table I. A cursory examination of the data shows that in 8 out
of 12 animals in which the pleural exudate was studied from day
to day, as the inflammatory reaction progressed, the hydrogen ion
concentration changed from an alkaline to an acid pH. The change
in the reaction toward a definite acidity occurs usually 2 or 3 days
after the injection of the irritant. Concomitantly with this decrease
in the alkalinity of the exudate there is a change in the differential
leucocyte formula. The percentage of polymorphonuclears falls,
whereas the percentage of mononudear phagocytes correspondingly
rises. The percentage of lymphocytes evidently plays no significant
r6le in these cellular changes. Composite graphs of all experiments
showing the parallelism in the fall of the pH and the drop in the
percentage of polymorphonuclear leucocytes appear in Chart i.
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Since the percentage of polyorphonudear leucocytes represents
virtually the redprocal of that of the mononudears, the latter were
not plotted on the chart. An examination of the data reveals that
the percentage of polymorphonudears predominates over that of
the mononudears whenever the pH is alkaline. A rise in the hy-

a

ri'me;.%,Di Ar'*eA#., I 5j

CHA.RT I

The hyrgnion concetraio in relation to the percetag of polymopoula
leucocyte in pleual inflamnatory edates~ Composite graphs of 12 eprmn

----------+-pH
Percetage of polynimrhoueaieucocytes.

drogen ion concentration is immditely or at least very soon fol-
lowed by a fail in the percentage of polymorphonudear leucocytes.
By studying the hydrogen ion concentration one cani fairly well
predict the cytological picture in the exudate, and vice versa. The
correlation is e'videntlY verY dose. In Dogs 7, 2, and to SoMe ex-
tent in Dog iio the pH failed to become acid concomitantly with
the progress of the inflammatory reaction. The counts correspond-
ingly reveal a predominance in the percentage of polymorphonudear
Cells throUghout the period Of the experiMentS (Chart 2, Dog 7).
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In Dog iI the per cent of polymorphonudears appears surprisingy
low for an inflammation of only 24 hours duration; the pH here is
6.98. To summarize, the point under disson can perhaps be
Ilustrated by the following cakulation from Table I. In 31 counts
in which the percentage of polyorphonudears ranged from 6o
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CBART 2

Ihehydn ion cncentration in reltion to the percentage of polymponuar
lauccytes in pleural exudation from Dog 7. Note that the pH remains and
that the percentage of polymorphonuclears maintains a igh e toughout the
duration of the nt.

- - - - - -pH
Percentage of polymrphonuclear leuactes

to go per cent, the pH averaged 7.25. Contrast this with i6 counts
in which the percentage of polymorphonudears ranged from 2 to
6o per cent, and the pH averaged 6.8o.
Having obtained definite evidence of the dose parallelism be-

tween changes in hydrogen ion concentration and in the differential
leucocyte formula in acute inflammation the question arose as to
which comes first, the changes in the pH or the cellular modifica-
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tions. The present data are highly suggestive in answering this
question. An exinaton of the results obtained in the case of
some individual experiments points out that the increase in the
hydrogen ion concentration evidently precedes the fall in the per-
centage of polymorphonudear leucocytes. Chart 3 illustrates this

Vf

13 s~~~~~~~~~71

3C 3

cHXAIr 3

The hyd n n I in relation to the percentag of polymorphonudear
ys in plural e tinn from Dog 4. Note that the pH steadily dedines during

the firSt 2 das, wle the pe tage olymrphon r remains at a high leL

-____+-----pH
* Pecentage of polynorphonuclea kecocyts

fact to some extent in the case of Dog 4. Whereas the pH of the
exudate steadily declines from an initial value of 7.45, the per-
centage of polymorphonudear leucyts remns high. There was
an abrupt fail in the percentage of polymorphonudears only when
the pH reached 6.97. The point is perhaps better exemplified in the
case of Dog '3, Chart 4. For the first 2 days the pH was alkaline,
74 and 7-5 reVectively. The percentage of polymorphonudears
was hih,87.5 and 77.5. On the 3rd day there was an abrupt fall

CNX3200
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in pH to 6.98. The percentage of polymorphonudears, however,
was still high, namely 74. On the 4th day the pH was lower than
on the preceding day, namely, 6.8. The exudate contained only io
per cent of polymorphonudears. Hence in this experiment the
sharp rise in hydrogen ion concentration definitely preceded the fall

7..0

CHART 4

Thehr ion concentation in rdation to the percentage of poymorphonucear
eucoytes in pkea1 eudation from Dog 13. Note that the abrupt fall in the pH
precks the sharp drop in the petage of polymrphonudear Ikuaytes.
___---- - pH

Percetage of polymoronudar lucocytes

in the percentage of polymorphonudear leucocytes. The latter
followed the decrease in alkalinity only after the lapse of a definite
period. This is definite evidence that the fall in pH precedes the
changes in the cytological picture. The hydrogen ion concentra-
tion may thus possibly be the regulating factor in determining the
differential leucocyte formula of an exudate. In view of what is
known of themenism of intracellular enzyme action in leucocytes,
a physicochemical regulatory mechanism of this type would not be
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wholly unexpected. That the fail in pH seems to precede the drop
in the percentage of polymorphonudear leucocytes is quite evident
from the above analysis. At the same time it is obvious on emin-
ing the data that this relation is not always evident. This seems to
depend on the rapidity of the nge in reaction. If the rise in
hydrogen ion concentration is rapid and sharp the corresponding
fall in the percentage of polymorphonudears may occur so rapidly
as to appear to be a parallel phenomenon (see Dog i5, Table I,
Chart 5). When the change in reaction proceeds very rapidly the
exudate smnears invariably reveal numerous degenerated, swollen,
and vacuolated polymorphonudear leucocytes containing character-
istically fragmented and intensely stained nudei. Such lethal effects
accompanying an abrupt cbange in the reaction with increase in
the acidity may be an important factor in explining suppuration at
the site of inflammation. In this connection it is perhaps also in-
teresting to note that Rous n in his studies on factors that determine
the reaction of sin grafts came to the condusion that the develop-
ing addity, in the tial stages at least, when the graft was isolated
from its surroundings, was referable to the elements of the tissue
proper. (Almost no cells had wandered into the grafts at this time.)

Further experiments were undertaken in an endeavor to modiffy
experimentally the pH of an inflammatory exudate and to determine
the effect of such procedure on the differential leucocyte formula.
Phosphate buffers (Sirensen) were prepared at pH 6.78 and 7.28.
Several cubic centimeters of each of these buffer solutions were in-
jected immediately after the introduction of turpentine into the
right chest of dogs. The phosphate buffers were reinjected at in-
tervals of several hours. The periodic withdrawal of pleural exudates
showed, however, the same tendency toward an ultimate acdosis
and rise in the percentage of mononudear phagocytes (see Dogs 12,
13, 14, i5, Table I). It became dear that the buffering meanism
of the tissues at the site of inflammaion was not easily influenced
by the mere introducfion of phosphate buffer solutions.
Postmortem examination of the right chest of dogs injected with

turpetine several days previously revealed an intense serofibrinous
and at times a fibrinopurulent exudate. The pleura was greatly
thickened and fibrinous adhesions extended from the visceral to
the parietal layers, thus forming s pouches in the pleural cavity.
These contained various amounts of exudate. In agreement with
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istological studies by Opie 9such tissues provided in general the
same type of information regardig the cellular infiltraton as was
obtained from stained exudate smears.

It was of some interest to note that animals which thmughout
the experiment maintained an alkaline exudate (Dogs 7, 2, and IO)

pHi

\ ~~~~~~~~~t.iN

'7.Z

0~~~ ~ ~ ~ ~~~~~1

Z

It

cHART 5

The hydoe on concentraion in reainto the peretage of polymorphonuclar
leucocytes in pleral euation from Dog I5. Note the abrupt fall in the pH and mn
thxe percentage of poymrponucar leuoytes on the 2n^d day following the injec-
tion of the irritant.

-__+-----pH
___*- Percentage of polymorponudear leccyk

appeared in much better physcal arndition thaln those whose pleural
exudlate gradually became add in reaction. In the latter, dypnea,
weaness and general apathetic behavior were not infrequent.
The effect of reinjectitioofthe same irritant was tried in the case

of Dog 2. This aimal received 2 cc. of tupentine intrapleuraiy.
Its pleural exudate remained aine and showed a high percentage
of polymorphonucear leuoc for 4 days. The animal was in
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perfect condition at the end of the experiment. Thirty-five days
later he was reinjected intrapleurally with 2 cc. of the same irritant.
Within 2 days the pH was 6.6 and there was an overwhelming
number of mononudear phagocytes in the exudate (Dog 2-A,
Table I). The acid pH persisted and on the 3rd day when the ex-
periment was terminated the animal dislayed some diiculty in
breathing. The pH of the blood was 7.23 and contained 77 per cent
of polymorphonudear leucocytes. In a previous communication
the writer'4 pointed out that an area of inflammation is ultimately
walled off from the rest of the organism; the inflamed area develops
its own local crculation, its own hydrogen ion concentration and
its own metabolism. This view is substantiated when the data on
the pH of the blood are compared with those obtained in the ma-
jority of exudates in the later stages of the inflammatory reaction
(Table I).

DIscuSSION
The results obtained in this series of experiments reveal the fact

that in most instances an acute pleural inflammation induced by
a strong chemical irritant such as turpentine gradually develops a
local acdosis. Furthermore, the data point toward a definite rela-
tion between the hydrogen ion concentration and the cytological
picture of an inflammatory exudate. The findings certainly indicate
the occurrence of a parallel between the hydrogen ion concentra-
tion of the fluid medium and that favorable to the action of the
enzyme of the predominating phagocyte. The relation between the
two phenomena is strongly suggested by the following considera-
tions.

In the first place, although inflammation as such conduces to
loal acidosis with a concomitant shift in the cell counts from poly-
morphonudear to mononudear cells, it is interesting to note that
in several experiments an alkalinity was maintained throughout the
period of the inflammation (see Dogs 7, 2, IO, Table I). In such
cases, and only under these conditions, was there no shift in the
cell counts, the percentage of polymorphonudears remaining at a
constantly high level even in the later stages of the inflammatory
process. It becomes somewhat difficult to consider this state of
affairs mere coincidence. Secondly, the fact that by deternining the
pH of the exudate the character of the cytological picture could be
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fairly well predicted and vice versa seems to be definite evidence of
some correlation between the pH and cell oDunt. In the third place,
the fact that in a few insnces n the shift from alkaline to add
took place rapidly the ll change, although delayed, nevertheless
invariably followed appears to warrant the inference that if there
is an interdependence it is the pH that conditions the cytological
picture and not the revese order of sequence. The observations
reported in this communication seem therefore to support the condu-
sion that the differential leucoyte picture at a given time in the
development of an inflammatory reaction is a function of the pH of
the exudate.
The impicatons of this concept are obvious. It is possible that

an understanding of the histological differences of various inflam-
matory lesions may be fadlitated through a study of their respec-
tive hydrogen ion concentrations.
Opie E pointed out that the studies on intracellular enzymes of

leuccytes have served to xain many of the phenomena of resolu-
tion. Some of his earlier condusions1 on the solution of tissue with
abscess deserve perhaps revisin, in view of the present observa-
tions. Briefly stated, Opie's original exments on abss forma-
tion consisted in inducing a purulent exudation by the subcutaneous
injection of turpentine. Four or 5 days later a large cavity dis-
tended with fairly thick purulent fluid was formed. The cells of
this pus were separated from the serum by cen lization. To
the cell-free pus serum, leucoprotease was added. This combion
fieely digested coagulated serum. On the other hand, the same poly-
morphonudear enzyme in the presence of blood serum failed to digest
materially the coagulated serum. From these facts Opie conduded
that the anti-enzymatic action of a limited quantity of exuded
serm is overcome by an increasng quantity of proteolytic enzyme
set free by disintegration of polymorphonudear leucocytes, thus
accounting for the solvent effect on tissues of a purulent exudation.
This condusion is now perhaps somewhat difficult to accept; at
least the data presented in this paper open the way to a different
interpretation. It has been found (Table I) that as a rule 4 or 5
days folowing the onset of an inflammatory process induced by
turpentine the resultng purulent exudate is usually characterized
by an add reaction. Opie has demonstrated that both leucoprotease
and anti-enzymes are inactive in an add medium. It is therefore
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more likely that the solution of fibrin or necrotic tissue in a purulent
area of inflammation is due to the activation of autolytic enzymes
by the add reaction. Enymes of this type have been adequately
descrbed in a recent review by Bradley.'4 This interpretation ap-
pears to be more in accord with the facts since it is hardly possible
to assume in view of Opie's own findings that an excess of leuco-
protease from disintegrating polymorphonudears could act inan add
medium. It seems probable that in Opie's experiment the proteo-
lytic enzyme, leucoprotease, was inactivated by the add cell-free pus,
while at the same time there were present in this fluid autolytic
tissue enzymes that possessed an optimum activity in an add pH
and were hence able to digest the coagulated serum. Opie's earlier
view on the mehnism of caseation, which he considered to be the
result of an accumulation of autolytic enzymes released from epi-
thelioid cs and which acted in an approximately neutral or weakly
add medium, is not wholly dissimilar to the writer's view, as just
expressed in regard to the solution of fibrin and necrotic tissues in
an abscess.7 Furthennore, it is to be noted that Opie himself pointed
out in some of his later studies 9that whereas leucoprotease may play
a part early in the digestion of fibrin, the latter undergoes solution
in the advanced stages of an inflammatory reaction only in the
presence of weak add. Opie ",' therefore conduded that fibrin is
ultimately digested by an enzyme having the character of lympho-
protease and resembling the autolytic enzymes of tissues. In an
endeavor to throw further light on the question under discussion
I.5 cc. of turpentine were injected subcutaneously into the right
flank of a dog. Four days later a large subcutaneous con-
taining thick viscous pus resulted. The pH of this exudative ma-
terial was definitely add in rection, approimately 6.6. This would
support the contention that an excess of leucoprotease could not
possibly be the important factor in the solution of tissues in such
abscesses since this enzyme is active only in an line or neutral
medium.

Bayliss," as a result of his studies on emulsin, expressed consider-
able doubt as to the actual existence of true anti-enzymes as follows:
"Some of the effects described as being due to them are to be ac-
counted for by changes of hydrogen ion concentration, others to
adsorption of the enzyme by a colloid." Bayliss pointed out that in
his emulsin experiments the effect was found to be due merely to
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diminution of the acdity of the solution. The inhibitory effect of
the anti-enzyme disappered when the solution was brought back
to the initial value by the addition of add phosphate. This idea may
doubtless have considerable importance in revisng our accepted
concepts concerning so-called "anti-enzymes" in inflammation,
escially in view of the progressive increase in hydrogen ion con-
centration in such pathological areas. Nevertheless, although Bay-
liss may be correct as far as anti-enzymes are not comparable in
regard to speificity to the true antibody, stfill by countercting the
effectiveness of the enzyme, whether by adsorption or by changes in
the hydrogen ion concentration, the anti-enzymatic effect of serum
on enzymes remains a fact.
The mehanism conducing to local acidosis in inflammaton is

stll somewhat problematical. Schade and his co-workers19 re-
ported that pus from acute abscesses had a pH ranging from 5.95
to 6.50; the pH of normal tissue fluids ranging from about pH 7.10
to pH 7.40. The studies of Irisawa '0 and of Ito n have shown that
lactic acid is a constant constituent of pus. Gessler n has demon-
strated that the oxygen consumption and the metabolic rate are
increased in an inflamed area. This state of affairs would doubtless
favor the development of a local acidosis unless properly compen-
sated by an equally increased and effective fluid circulation at the
site of inflammaton. The writer has shown in previous studies that
various foreign substances, induding bacteria and electrolytes, are
untable to escape readily from the site of inflammation owing to the
presence of a fibrinous network and of thrombosed lymphatics.
Furthermore, in acutely inflamed areas of moderately long standing
a number of vascular piflaries have also been found with their
lumiina occluded by thrombi.32 It is conceivable, therefore, that as
acid metabolites are formed in an acutely inflamed area these tend
to be fixed in siu, thus casing a nse in the hydrogen ion concentra-
tion of the exudate.

SUuXAXY AND CONCLUSIONS

A pleural inflammatory exudate, in the majority of instances,
develops a rise in its hydrogen ion concentration concomitantly
with the progress of the inflammatory reaction.
When the pH of the exudate is alaline the percentage of poly-
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morphonudears at the site of inflammation exceeds that of the
mononudear phagocytic cells.
When the pH of the exudate is approximately neutral the per-

centage of polymorphonudear cells tends to approach that of the
mononudear phagocytes.
When the pH of the exudate is definitely acd large numbers of

polymorphonudear cell are found degenerated. The percentage
of relatively normal appearing polymorphonuclear leucocytes is
found considerably lower than that of the mononudear phagocytes.

In some cases the pH of the exudate remains alkaline through-
out the period of an acute pleural inflammation. In these instances
the percentage of polymorphonudears invariably exceeds that of
the mononudears.
By measuring the hydrogen ion concentration of an inflammatory

exudate the cbaracter of the cytological picture can be predicted
with a fair degree of certainty. likewise the converse follows.

Evidence has been obtained to show that the development of a
local addosis in an area of inflammation precedes at times the
changesoccurring in the differential leucocyte formula of the exu-
udate. In such cases, however, the cytological anges ultimately
follow the development of the add reaction.
The observations reported suggest that the differential leucocyte

formula in an area of acute inflammaton is a function of the hy-
drogen ion concentration of the exudate. The cytological picture
in an inflamed area seemsto be conditioned by the pH of the exudate
surrounding the injured tissue. The present study indicates that
the developing local acidosis as the inflammatory reaction progresses
can adequately account for the shift in infiltration from polymor-
phonudear leucocytes to mononudear phagocytes at the site of
inflammaton.
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